non (2000), using analysis of regional weather, showed storm activity over the past 100-yr period peaking from (2003) showed that sunflower (Helianthus annuus L.)
tions due to hail damage.
ulated hail damage at two growth stages and three levels of defoliation Surprisingly, it is not uncommon to observe yield inon plant regrowth and bean yield. Experiments were conducted on creases due to defoliation within some genotypes at Hicks et al., 1977; Crookston and Hicks, 1978 ; Counce grass trimmer was used to simulate hail damage by flailing plants to et al., 1994a) . Provided there is adequate time for recovtargeted defoliations levels of 33, 66, and 90% at 6 and 12 wk after ery, plants compensate for stand loss and vegetative and emergence (WAE). Both final plant height and yield were reduced to a greater extent when plants were damaged at 12 WAE (grain-fill reproductive damage in various ways. Moriondo et al. (2003) showed that sunflower (Helianthus annuus L.) combined over years showed that guar yields were reduced 50% with compensated for defoliation damage at certain growth a 66% defoliation level at 6 WAE, but required only 42% defoliation stages by increasing leaf area or delaying senescence.
period) than at 6 WAE (early flowering). Regression analysis from data
to reduce yield levels 50% with late-season defoliation. This is the In soybean, the number of pods per plant increased due first report of using a grass trimmer to simulate hail damage by shredto early vegetative damage (Teigen and Vorst, 1975 reliman, 1962; Hanway, 1969; Crookston and Hicks, 1978) , able data, crop insurance on minor crops may not be although one-time events of actual hail damage to corn available and may limit production of minor crops.
and barley (Hordeum vulgare L.) have been reported. Guar, a drought-tolerant summer annual legume, is Dwyer et al. (1994) noted that the reduction in dry grown for its galactomannan gum used in numerous matter and grain yield caused by hail damage was refood and industrial applications (Whistler and Hymolated to the corn heat units required to reach physiowitz, 1979). Due to guar's short plant height, low branchlogical maturity at the time of the storm. In barley, Giling, and low pod set, the crop is particularly susceptible bertson and Hockett (2003) concluded that two-rowed to conditions that can result in reduced plant developor Manchurian type malting cultivars were highly susment, making machine harvesting less efficient. Guar proceptible to hail damage and producers should avoid growduction is limited to a small region of the semiarid, ing these types in hail-prone areas. hail-prone Southern Great Plains (Stafford, 1982; Seiler Although hail damage has been simulated by manuand Stafford, 1985) . This region is noted for unpredictally removing plant parts at different stages of developable and violent weather with severe thunderstorms, ment, severe hailstorms result in shredded plant biomass high winds, and hail. Studies by Changnon and Changand damaged reproductive structures (personal observations). The authors are not aware of any published re-Presently, yield data on hail-damaged guar does not exist, and guidelines are needed for crop insurance adjusters to determine economic losses if multi-peril insurance for this minor crop is to be made available. The objective of this study was to evaluate hail damage on guar at two growth stages and three levels of simulated hail defoliation using a commercial grass trimmer. This study was not designed to formally evaluate or compare plant damage from failing plant material with a grass trimmer and earlier methods that employed excision of various plant parts at different stages of growth. However, based on personal observations of hail damage to crops like soybean, corn, sorghum, wheat, and guar, we believe flailing this study should provide a basis for estimating yield reduction in guar due to hail damage and a means to adcontent) was calculated on a kg ha Ϫ1 basis by machine harvestjust for economic loss.
ing 4.6 m of the center row of each plot after the first freeze. Year was considered a random effect. Yearly differences in absolute plant height and grain yield were overcome by
MATERIALS AND METHODS
expressing height and yield data relative to the untreated check. The effect of simulated hail damage on guar was evaluated
Relative plant height and yield data were arcsin transformed before analysis using the PROC MIXED procedure of SAS from June 2001 to October 2003 at the Texas A&M Research (SAS Institute, 1996) to examine treatment effects. Polynomial and Extension Center near Vernon, TX (34Њ05Ј40″ N lat; 99Њ regression models with linear, quadratic, and cubic terms were 21Ј56″ W long; 390 m elev.), on a Miles fine sandy loam. Anfitted to the 6 WAE and 12 WAE treatments. Quadratic and nual precipitation at Vernon is characterized by 640 mm of cubic terms were deleted when not significant at P Ͻ 0.05. The rainfall that is distributed with peaks in spring and fall. The relationship between WAE treatments and yield was further climate is classified as semiarid with episodes of violent weather.
examined using heterogeneity regression analysis. Monthly average maximum/minimum temperatures range from 37/22ЊC in July to 12/Ϫ4ЊC in January. The experimental design was a randomized complete block with four injury treat-
RESULTS AND DISCUSSION
ments at two growth stages, and six replications. Plots conThe use of a commercial grass trimmer was an effecsisted of three rows on 1-m centers and a length of 7.6 m. No tive method of simulating hail damage on guar (Fig. 1). fertilizer was required for dryland guar production on this site.
A pre-emergence application of 0.56 kg a.i. ha Ϫ1 trifluralin
Replication of simulated hail damage using this method (␣,␣,␣-trifluoro-2,6-dinitro-N, N-diproply-p-toluidine) herbiwas relatively consistent within treatments for each year cide was applied and incorporated in April. "Kinman" guar of the study as indicated by the standard errors; howwas planted in late-May to early June in a conventional-tilled ever, it was somewhat difficult to achieve the precision field to achieve a population of about 11 plants m Ϫ1 of row.
needed to match targeted defoliation percentages with
The test location was kept weed-free using cultivation and estimated biomass removed ( Fig. 2a and 2b) . Generally, der dryland conditions that became damaged late in the 12 WAE to different levels of defoliation using a grass trimmer Values are means ϮSE.
(3 yr data).
season did not have time to recover due to cooler temperatures, shorter photoperiods, and soil moisture deficits. Hence, plant productivity was impacted. Grain yields were reduced in a similar manner to that of plant height with increasing levels of defoliation ( Fig. 4a and 4b) . Since guar has an indeterminate growth habit, plants defoliated at 6 WAE possess regrowth and yield potential depending on the seasonal growing conditions. The scatter in data points possibly reflects plant response to seasonal rainfall and soil moisture availability among years. The negative relationship between degree of defoliation and grain yield was much more apparent in the 12 WAE defoliation treatments (Fig. 4b) . As with plant height, linear models adequately defined the relationship between yield and percentage defoliation.
Obviously, each crop year was unique due to differences in environmental conditions for that growing season. Environmental conditions, particularly timely rainfall, can potentially reduce the negative effects of early defoliation on guar due to accelerated regrowth of damaged branches and additional pod set. At 6 WAE plants begin to bloom and set pods. At 12 WAE the majority of the pods are well developed. Linear models presented in Fig. 4a and 4b indicated that at 6 WAE grain yield was reduced 50% with a 66% reduction in biomass. In the 12 WAE treatment (Fig. 4b) , a 42% reduction in aboveground biomass resulted in a 50% reduction in grain slopes between the 6 and 12 WAE treatments were sig- 
